Abstract: Land use intensity is an important indicator of human activities, so we quantified the land use intensity and five ecosystem services (soil conservation, water conservation, carbon storage, net primary productivity (NPP), and crop production) in 13 subbasins of the Tabu River Basin in an agro-pastoral ecotone in central Inner Mongolia. Furthermore, we analyzed the relationships among ecosystem services and the responses of the services to the impact of land use intensity. The primary conclusions were as follows: (1) All five ecosystem services gradually diminished from the upper to the lower reaches of the Tabu River Basin; (2) Water conservation exhibited a trade-off relationship with soil conservation, NPP, and crop production, but it exhibited a synergistic relationship with carbon storage. There were also synergistic relationships between soil conservation, carbon storage, NPP, and crop production; (3) As land use intensity increased, soil conservation, NPP and crop production monotonically increased. In contrast, water conservation exhibited a monotonically decreasing trend, and carbon storage followed a unimodal curve; (4) In this region, suitable ecosystem services were sustained at a land use intensity of approximately 3.95.
Introduction
Ecosystem services refer to the natural environmental conditions and utilities formed and maintained by ecosystems and ecological processes for human survival [1] . In accordance with the criteria set forth by the United Nations' Millennium Ecosystem Assessment, there are four categories of ecosystem services: provisioning, regulating, cultural, and supporting [2] . The Millennium Ecosystem Assessment reports that 15 of 24 ecosystem services (i.e.,~60% of all services assessed) are being degraded worldwide, and the destruction and degradation of ecosystem services pose a major threat to humanity by directly threatening human security and health and even influencing regional, as well as global, ecological security [2] [3] [4] . Human activities are believed to be primarily responsible for the deterioration of ecosystem services. Human activities can strongly influence ecosystem composition, structure, and function; this is particularly significant for the regulating and provisioning capacities of Inner Mongolia. The study quantifies land use intensity and five ecosystem services (soil conservation, water conservation, carbon storage, net primary productivity (NPP), and crop production) in this river basin. The primary purpose of the study was to evaluate the relationship between ecosystem services and the impact of land use intensity on ecosystem services. This study will enrich the theoretical research on ecosystem services. More importantly, we expect that our findings will provide scientific guidance regarding land use/land cover management in the agro-pastoral ecotone of Inner Mongolia and help achieve regional sustainable development.
Study Area
The Tabu River is a major river, flowing from south to north in the agro-pastoral ecotone of central Inner Mongolia. Based on a digital elevation model, digitized extraction was performed using the hydrology tools of ArcGIS 10.0 (ArcGIS, ERIS, Redlands, CA, USA). We delineated the boundary of the Tabu River Basin and further determined the scope of the study area, and we also identified 13 subbasins (Figure 1 ). The basin is located within the coordinates 41 • 2 -42 • 32 N, 110 • 34 -112 • 11 E and is characterized by a temperate continental climate. The annual average temperature ranges from −1.5 to 5.0 • C, and the average annual precipitation is 235 mm. The altitude ranges between 1360 and 1700 m. The topography comprises low hills in the south and high plains in the north. According to the World Reference Base for Soil Resources (WRB), the primary soil type in the study area is Chernozems. central Inner Mongolia. The study quantifies land use intensity and five ecosystem services (soil conservation, water conservation, carbon storage, net primary productivity (NPP), and crop production) in this river basin. The primary purpose of the study was to evaluate the relationship between ecosystem services and the impact of land use intensity on ecosystem services. This study will enrich the theoretical research on ecosystem services. More importantly, we expect that our findings will provide scientific guidance regarding land use/land cover management in the agropastoral ecotone of Inner Mongolia and help achieve regional sustainable development.
The Tabu River is a major river, flowing from south to north in the agro-pastoral ecotone of central Inner Mongolia. Based on a digital elevation model, digitized extraction was performed using the hydrology tools of ArcGIS 10.0 (ArcGIS, ERIS, Redlands, CA, USA). We delineated the boundary of the Tabu River Basin and further determined the scope of the study area, and we also identified 13 subbasins (Figure 1 ). The basin is located within the coordinates 41°2′-42°32′N, 110°34′-112°11′E and is characterized by a temperate continental climate. The annual average temperature ranges from −1.5 to 5.0 °C, and the average annual precipitation is 235 mm. The altitude ranges between 1360 and 1700 m. The topography comprises low hills in the south and high plains in the north. According to the World Reference Base for Soil Resources (WRB), the primary soil type in the study area is Chernozems. 
Methods
The map of land use/land cover types used in this study was obtained through information extraction from remote sensing images (Landsat8, 2015; spatial resolution, 30 m) of the study area and 1:250,000 road vector data for Inner Mongolia (National Basic Imagery Database of China). Land use/land cover types were classified using eCognition 8.6 software by combining single-band threshold, normalized difference vegetation index (NDVI) threshold, nearest neighbor classification, and vector classification methods, and seven land use/land cover types (cropland, forestry, bush, grassland, river, residential area, and road) were identified ( Figure 2 ). An accuracy test was conducted using the Test and Training Area Mask (TTAMask) with field sample points as the basis. The overall accuracy was 88.40%, and the Kappa coefficient was 85.58%. ustainability 2017, 9, 1030 4 of 11
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where %LUi is the proportion of the i-th land use in each town, and LDIi is the landscape development intensity (LDI) coefficient of the i-th land use type. The LDI coefficient quantifies human activities based on the emergy per unit area and per unit time. The emergy was transformed by natural logarithm and normalized into the range of 1.0-10.0 to obtain the LDI coefficient. In this formula, the emergy is a metric for quantifying human activity that measures the energy and materials (electricity, fuels, fertilizers, pesticides, and water) that are used directly and indirectly to make a product or provide a service [35] , so different land use intensities correspond to different LDI coefficients. To accurately evaluate the land use intensity of the study area, we calibrated the LDI coefficient for every land use/land cover type based on the emergy weight coefficient proposed by Brown (Table 1) .
Completely natural land has an LDI coefficient of 1.0, and land characterized by a high intensity of interference has an LDI coefficient of 10.0 [31] . The formula used to calculate land use intensity in this study was proposed by Brown and Vivas [31] and was based on the different land use/land cover types in the study area and the of land use emergy per unit area, which has proven to be an effective indicator of the cumulative effect of human activities along a continuous gradient [32] [33] [34] . The land use intensity value of each town was calculated as the weighted value of each land use area using Equation (1):
where %LU i is the proportion of the i-th land use in each town, and LDI i is the landscape development intensity (LDI) coefficient of the i-th land use type. The LDI coefficient quantifies human activities based on the emergy per unit area and per unit time. The emergy was transformed by natural logarithm and normalized into the range of 1.0-10.0 to obtain the LDI coefficient. In this formula, the emergy is a metric for quantifying human activity that measures the energy and materials (electricity, fuels, fertilizers, pesticides, and water) that are used directly and indirectly to make a product or provide a service [35] , so different land use intensities correspond to different LDI coefficients. To accurately evaluate the land use intensity of the study area, we calibrated the LDI coefficient for every land use/land cover type based on the emergy weight coefficient proposed by Brown (Table 1) . Completely natural land has an LDI coefficient of 1.0, and land characterized by a high intensity of interference has an LDI coefficient of 10.0 [31] . In this study, we selected five ecosystem services: NPP, water conservation, soil conservation, carbon storage, and crop production. The CASA model was used to calculate NPP [36] based on the intercepted photosynthetically active radiation (IPAR) and light utilization efficiency (ε) as
where t is time, and x is the grid cell. Soil conservation was represented by soil erosion, which was estimated using the universal soil loss equation (USLE) [37] A
where A is the computed soil per unit area; R is the rainfall factor; K is the soil-erodibility factor; L is the slope-length factor; S is the slope-gradient factor; C is the cropping-management factor; and P is the erosion-control practice factor. Therefore, a higher A indicates more severe soil erosion. Both water conservation and carbon storage were estimated using the InVEST model. Water conservation was estimated using the water yield sub model of the InVEST model [38] , in which the equation for water retention (WR) is
where Velocity is the flow coefficient; TI is the topographic index; K sat is the soil saturated hydraulic conductivity; and WY is the water yield. Carbon storage was estimated using the carbon storage sub model of the InVEST model. We calculated for 0-40 cm soil carbon, plant shoot carbon, and plant root carbon, the sum of which was considered the total carbon storage [39] .
Crop production was derived from statistical data. We obtained the total planting area and total crop production for 2015 from the statistical yearbook and then calculated the crop production per unit area to determine the spatial distribution of crop production in the study area.
The Tabu River Basin contains a total of 13 subbasins, and the spatial patterns of land use/land cover and ecosystem services in each were analyzed using ArcGIS 10.0. Pearson correlation analysis was conducted to determine the relationship between ecosystem services and the impact of land use intensity on ecosystem services. Figure 3 shows that land use intensity, soil conservation, water conservation, carbon storage, NPP, and crop production were characterized by an overall declining trend from the southeast to the northwest. In other words, all five ecosystem services gradually decreased from the upper to the lower reaches of the Tabu River. 
Results
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Relationships between Ecosystem Services
As shown in Table 2 , water conservation exhibited a trade-off relationship with soil conservation, NPP, and crop production, but it exhibited a very weak synergistic relationship with carbon storage. Synergistic relationships were found between soil conservation, carbon storage, NPP, and crop production. The synergistic relationships were significant between soil conservation and NPP, between soil conservation and crop production, and between NPP and crop production. Figure 4 shows the impact of land use intensity on the five ecosystem services. Significant increases occurred in NPP, soil conservation, and crop production with increasing land use intensity. Water conservation decreased with increasing land use intensity, but the trend was not significant (P 
Impact of Land Use Intensity on Ecosystem Services
Relationships between Ecosystem Services
As shown in Table 2 , water conservation exhibited a trade-off relationship with soil conservation, NPP, and crop production, but it exhibited a very weak synergistic relationship with carbon storage. Synergistic relationships were found between soil conservation, carbon storage, NPP, and crop production. The synergistic relationships were significant between soil conservation and NPP, between soil conservation and crop production, and between NPP and crop production. Figure 4 shows the impact of land use intensity on the five ecosystem services. Significant increases occurred in NPP, soil conservation, and crop production with increasing land use intensity. Water conservation decreased with increasing land use intensity, but the trend was not significant (P = 0.887). 
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Discussion and Conclusions
The Relationships between Ecosystem Services Primarily Include Trade-Offs and Synergies
The relationships between ecosystem services are primarily trade-offs and synergies [21] . A series of studies have shown that synergistic relationships are often exhibited among regulating services, whereas provisioning and regulating services often have trade-off relationships [10, 25, 40] . In the present study, soil conservation, water conservation, carbon storage, and NPP were regulating services, and crop production was a provisioning service. Our study partially supports the conclusion of previous studies, as we found a trade-off relationship between crop production and water 
Discussion and Conclusions
The Relationships between Ecosystem Services Primarily Include Trade-Offs and Synergies
The relationships between ecosystem services are primarily trade-offs and synergies [21] . A series of studies have shown that synergistic relationships are often exhibited among regulating services, whereas provisioning and regulating services often have trade-off relationships [10, 25, 40] . In the present study, soil conservation, water conservation, carbon storage, and NPP were regulating services, and crop production was a provisioning service. Our study partially supports the conclusion of previous studies, as we found a trade-off relationship between crop production and water conservation and a synergistic relationship among three regulating functions (soil conservation, carbon storage, and NPP) ( Table 2) .
The results from our study differ from the findings of previous studies in that we found a synergistic relationship between the provisioning service (crop production) and three regulating services (NPP, soil conservation, and carbon storage), as well as a trade-off relationship between water conservation and two regulating services (soil conservation and NPP) ( Table 2 ). This occurs because crop production and NPP are relatively high in regions with developed agriculture. Furthermore, soil structure is severely degraded in this region, likely resulting in greater soil erosion (which was reflection of soil conservation). Therefore, there is a synergistic relationship between crop production, NPP, and soil conservation. In a given ecosystem, more than 90% of carbon storage is derived from soil carbon. Compared with grasslands, croplands have more developed plant roots and relatively high carbon cycle rates, facilitating the accumulation of carbon in the soil [41] . Therefore, crop production and carbon storage share a synergistic relationship. Water conservation primarily depends on soil moisture content [42] . In regions with developed agriculture, the soil structure suffers more severe degradation, resulting in enhanced soil and water loss and a subsequent reduction in water conservation capacity. Therefore, water conservation was trade-off related to two regulating functions (soil conservation and NPP), but the correlations were not significant ( Table 2 ). This may have been partly due to the limited sample number. Although the subbasin is an objective classification cell, there are only 13 subbasins in study area, so subsequent studies may require cells with a finer level of classification.
The Impact of Human Activities on Ecosystem Services Is Not Simply Linear
Numerous studies have found that as land use intensity increases, the provisioning services tend to increase, whereas the regulating services frequently decrease [22, 24, 25] . In our study, we also found that with increasing land use intensity, crop production increased, whereas soil conservation and water conservation decreased; this is consistent with previous studies.
The results from our study differ from those of the aforementioned previous studies in that, with an increase in land use intensity, the regulating service of NPP exhibited an increasing trend, whereas the regulating service of carbon storage exhibited a unimodal trend (Figure 4a,c) . Grazing and agricultural reclamation are the two most important human activities in the studied agro-pastoral ecotone. Given an increase in agricultural activities, land use intensity increases, and crop production and NPP increase correspondingly. Consequently, NPP increases as land use intensity increases. The ecological processes are highly complex and often non-linear. Thus, ecosystem services may not simply increase or decrease monotonically as a result of impacts from human activities; rather, a non-linear relationship may be exhibited [24] . In the present study, we found that the relationship between carbon storage and land use intensity conforms to a unimodal curve. That is, when land use intensity was less than 3.95, carbon storage increased with increasing land use intensity and reached a peak value at a land use intensity of approximately 3.95, but when land use intensity was greater than 3.95, carbon storage decreased with increasing land use intensity. We considered the cropland area to increase with increasing land use intensity for values less than 3.95. Because of the special harvesting methods of the crop grown on the study area (keep the plant root and only reap the plant shoot), the carbon output is reduced. Therefore, croplands contain a higher carbon content than grasslands and thus increase total carbon storage. With an increase in land use intensity, cropland gradually transforms into construction land. The soil carbon storage of construction land is much lower than that of croplands and grasslands [43] , thus resulting in a decreasing trend. For example, very high land use intensity but very low carbon storage were observed in the central area (green subbasin), as shown in Figure 3d , as this subbasin covers the urban area of Siziwang Banner. As mentioned above, our study is based on the subbasin scale, so there were only 13 samples. Therefore, we speculate that 3.95 is not an absolute threshold value, so carbon storage may fluctuate approximately 3.95 with an increase in sample number.
Recommendations for Regional Land Use
Contributions from natural ecosystems to human society are irreplaceable. Natural ecosystems not only have direct value in terms of development and utilization but also immense indirect use value as well. However, the degradation of ecosystem services from human activities can be mitigated, and regional security can be improved through the rational management of land use/land cover [3, 4] . Considering that there are often trade-off and synergistic relationships between ecosystem services, and that the impacts of land use intensity on ecosystem services are highly non-linear [6, 44] , it is unlikely that all services will be maximized simultaneously. Therefore, there is a need to develop reasonable land use/land cover patterns to achieve optimal ecosystem services and regional sustainable development. The relative importance of different ecosystem services depends primarily on those services for which humans have a greater need [15, 45, 46] .
The present study area is located in the agro-pastoral ecotone of central Inner Mongolia. Despite being very important economically, this region has a more important role as an ecological barrier in northern China and thus plays a key role in protecting the ecological environment of northern China, and its ecological environment directly determines the ecological environment of the northern China [26] . Regulating services have therefore received more attention among the various categories of ecosystem services. With an increase in land use intensity in this region, water conservation decreased; crop production, NPP, and soil and water loss increased; and carbon storage exhibited a unimodal curve. We speculate that a land use intensity value of 3.95 is more rational for this region; at approximately this intensity, carbon storage reached a maximum in the present study, whereas crop production, water conservation, and soil and water loss were moderate. We recommend a land use intensity value of 3.95 to maintain suitable ecosystem services in this region.
